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1. SCOPE

The SAE J2923 procedure is a recommended practice that applies to on-road vehicles with a GVWR below 4540 kg
equipped with disc brakes.
1.1 Purpose

Quantify brake drag using a laboratory-based procedure under various conditions and friction couple braking history. The
test sequence includes driving simulation and performance-type braking events along with optional sections for hot drag

evaluation and brake drag measurement for parking brake systems.

2. REFERENCES

2.1 Applicable Do

The following public
latest issue of SAE g
2.1.1  SAE Publics

Available from SAE
and Canada) or +1 1

SAE J2522
SAE J2784
SAE J2789
SAE J2986

21.2

Copies of these dociiments are available onling™at https://webstore.ansi.org/.

ISO 16610-31

ISO 16610-32
2.2 Related Pubilid

The following public

ISO Publicafions

cuments

htions form a part of this specification to the extent specified herein. Unless*oth
ublications shall apply.

tions

nternational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-6
24-776-4970 (outside USA), www.sae.orqg.

Inertia Dynamometer Disc and Drum Brake Effectiveness Test Procedure
FMVSS Inertia Dynamometer Test Procedure for Vehicles Below 4540 kg GVW
Inertia Calculation for Single-Ended Inertia=Dynamometer Testing

Brake Pads, Lining, Disc, and Drum-Wear Measurements

Geometric ProductsSpecifications (GPS) - Filtration - Robust Profiles Filters: G
Filters

Geometric.Rroduct Specifications (GPS) - Filtration - Robust Profiles Filters: Sp
ations

htions~are provided for information purposes only and are not a required part o

prwise indicated, the

D6-7323 (inside USA

R

aussian Regression

ine Filters

this SAE Technical

Report.

2.21

ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM E4-10

ASTM E2624-09

Standard Practices for Force Verification of Testing Machines

Standard Practice for Torque Calibration of Testing Machines and Devices
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2.2.2 DIN Publications

Copies of these documents are available online at https://www.din.de/en/.

DIN 51309: 2002-12 Materials Testing Machines - Calibration of Torque Measuring Devices for Static Torque
2.2.3 Other Publications

DKD-R 3-5 Calibration of Torque Measuring Devices for Static Alternating Torques
EURAMET cg-10/v.01 Guidelines on the Calibration of Static Torque Measuring Devices

ECE/TRANS/WP.29/2024/83 Proposal for a New Amendment to UN Global Technical Regulation No. 24 on Laboratory
Measurement of Brake Emissions for Light-Duty Vehicles

VDA/VDE 2646 Torque Measuring Devices - Minimum Requirements in Calibration

o7

3. DEFINITIONS
3.1 APPARENT FRICTION FOR DISC BRAKES
Ratio of brake outpuf torque to total input torque. Also referenced as brake effectiveness.

Per Equation 1:

10-T

H= (Eq. 1)

2 (D~ DThreshold) AP " Teff ' M
where:
u = apparent friction for disc brakes [unitless]
T = output torque [N-m]
p = brake pressyre [kPa]

Drireshold = Mininhum pressure redquired to start developing braking torque; unless otherwise dpecified by the test
requestor or megsured as part of the project, use a zero value [kPa]

Ap = total piston|area actifgyon one side of the caliper for disc brakes where the hydraulic pressure is exerted by the
brake actuation system{mm?]

rerr= radial distan€e)from centerline of the piston to the axis of rotation for disc brakes, unless dther dimensions are
provided by the requestor{mmy}

n = caliper brake efficiency; ratio of input hydraulic force to effective force acting on the brake pad [unitless]
3.2 BRAKE DRAG
Measurable torque generated by the brake with no active or intentional input from the brake actuation system. [N-m]
3.3 BREAKAWAY TORQUE

Torque required to initiate brake rotation after cable tension, input force, or enabling command is applied (or sent) to the
parking brake mechanism. [N-m]
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3.4 DECELERATION-CONTROLLED BRAKE APPLICATION

Inertia-dynamometer control algorithm that adjusts the real-time brake pressure to maintain a constant torque output
calculated from the instantaneous deceleration specified in the test procedure.

3.5 DISC THICKNESS VARIATION - DTV
Measurable variability of the disc variable of thickness over one full revolution.
3.6 DRUM BRAKE EFFECTIVENESS (C*)

Per Equation 2:

. 10°-T
C = (Eq. 2)
2 (D~ DThreshold) AP Teff M

where:
C*= effectivenegs for drum brakes [unitless]
T = output torque [N-m]
p = brake pressyre [kPa]

Prareshold = Minimum pressure required to start developing braking torque; unless otherwise dpecified by the test
requestor or megsured as part of the project, use a zero value [kRPa]

Ap = total piston jarea acting on one side of the caliper for dise brakes; total wheel cylinder area fof drum brakes [mm?]

rerr= radial distance from the centerline of the piston to.the axis of rotation for disc brakes; internal dfum diameter divided
by two for drum prakes, unless the requestor provides other dimensions [mm]

n = brake efficigncy; unless otherwise indicated by the test requestor or measured as part of the project, use 100%
[unitless]

3.7 GROSS VEHICLE WEIGHT - GVWR
Maximum vehicle wgight indicated by the manufacturer. [kgf]
3.8 INITIAL BRAKE TEMPERATURE - IBT

Rotor temperature af the-statt of the brake application. [°C]

3.9 LATERAL RUNOUT-LRO
Maximum allowed brake lateral run out shall be less than 50 um.
3.10 LIGHTLY LOADED VEHICLE WEIGHT - LLVW

Unloaded vehicle curb weight plus 180 kg for driver and test instrumentation. [kgf]
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3.11 MAXIMUM PARK BRAKE INPUT FORCE

Measured or calculated force applied at the brake equivalent to 400 N input force at the cabin for hand-operated (or 500 N
for foot-operated) parking brake systems. For calculated values, use the pedal (or hand lever) ratio, the cable efficiency,
and the multiplying factor of the parking brake mechanism to determine the effective force acting on the brake pads. For
electric park brake systems, unless otherwise specified by the test requestor, the maximum force is the nominal value at
full nominal current and nominal voltage of the system. For all park brake systems, unless otherwise specified by the test
requestor, use a maximum park brake input force of 1500 N.

3.12 MAXIMUM VEHICLE SPEED - Vmax

Highest speed attainable by accelerating at a maximum rate from a standstill to a distance of 3.2 km on a level surface, with
the vehicle at LLVW for vehicles per FMVSS 135 or at GVWR for vehicles per FMVSS 105. For electric vehicles, the speed

attainable is determi
[km/h]

3.13 PRESSURE-(
Inertia-dynamomete

3.14 TIRE DYNAM

Tire radius that equates to the revolutions per mile (RevsPerMile) published/by the tire manufacture

size. If unknown, the
rolling radius to calcy
vehicle speed.

where:
RR = tire dynam
rpm = tire manuf
4. TEST CYCLES
4.1 Dynamic Brak

To achieve the targe

Figure 1 illustrates th

ned with the propulsion batteries at a state of charge or not less than Yo7 at ihe

ONTROLLED BRAKE APPLICATION
control algorithm that maintains a constant input pressure to the brakeirfespective

C ROLLING RADIUS - RR

rolling radius can be calculated from the RevsPerMile value using Equation 3.
late test inertia and the dynamometer rotational speed in revolutions per minute (r|

1609344
25T rpm

RR =

c rolling radius [mm]

acturer specification for revolutions per mile indicated by the tire manufacturer

b Application
t pressure-or deceleration level during dynamic braking, use a pressure ramp rate

e.main time stamps used to characterize the brake application.

beginning of the run.

of the torque output.

r for the specific tire
se the tire dynamic
bm) for a given linear

(Eq. 3)

of 5000 kPa/s.
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411 Timeto

Brake application ini
412 Timets

Time at which press
pressure control. At
413 Timet
Time at the end of av

by time and average
is 0.5 km/h above th

p,T,°T,s, u, C*

time/s
Key:
1 - Brake pressure (p)
2 - Brake coefficient of friction or drum brake effectiveness (u, C*)
3 - Brake torque output (T)
4 - Brake speed (s)
5 - Brake temperature (°T)

Figure 1 - Typical brake deceleration (constant pressure) time stamps

iation. At this time, the pressure starts to rise.

ime t1, the calculation-of average by time and the average by distance begins.

erages. Attime t2, the inertia-dynamometer data acquisition system terminates the
by distance. Time tz is the end of the stable portion of the brake application. Time
b release speed (t3).

414 Timets

ure or torque reached the target level. At this time, the brake reaches its target level for torque or

average calculation
> is when the speed

Time at release speed. At time ts, the inertia-dynamometer servo controller releases the brake (specified in 8.1.3).

415 Timets

Time at brake pressure and torque lost. At time ts4, pressure and torque are below the minimum thresholds. The

inertia-dynamometer

considers the braking event complete.
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4.2 IBT Control

421 Brake Warm-Up Operation for Dynamic or Brake Drag Applications

If the temperature decreases below the IBT for the next braking condition, warm up the brake by conducting brake drag
operation at 50 km/h until the brake temperature is 5 °C above the IBT for the next nominal brake application. Control brake
pressure at 2000 kPa for disc brakes and 3000 kPa for drum brakes. Do not conduct brake warm-up for sections with an
IBT at or below 35 °C.

NOTE 1: In cases when a brake warm-up is required for sections with an IBT at or below 35 °C (e.g., when restarting the

test after a test interruption), conduct brake warm-ups at 25 km/h and control brake pressure at 1000 kPa for disc
brakes and 1500 kPa for drum brakes.

NOTE 2: In cases
Instead, reg
4.2.2 Brake Warm

If the brake does nA
1.96 m/s? deceleratid
4.2.3 Brake Cool

If the brake tempera
cools down to within

vhen the dynamometer faults while performing a driving cycle (WLTP), do no
start the specific trip where the failure happened from the start of said trip.

-Up During the Fade Schedules

t achieve the IBT (see 4.3), perform a brake drag application at 80_km/h with a

Down

fure is 5 °C or above the IBT of the next brake applieation, rotate the brake at 20
5 °C of the IBT.

4.3 Brake Fade T¢mperatures

The brake fade secti
application during th

where:
n = brake applic
IBTn = initial bra
IBT1 = initial bra

IBT15 = initial brg

b fade operation use a logarithmic temperature profile per Equation 4.

(IBT15—I1BT;)-In(n)
in(15)

IBT,,.= IBT, +
htion number; betwgen one and 15

e temperature for the nth brake application/°C
e temperature for the first brake application/°C

ke temperature for the last brake application/°C

perform warm-ups.

torque equivalent to

n to warm up the brake. Do not apply the warm-up procedure formore than 20 s¢conds.

km/h until the brake

bn heats the brake in preparation for the post-fade friction and drag evaluation. The IBTs for each brake

(Eq. 4)

The different fade schedules for disc or drum and front or rear brakes are shown in Table 1 and depicted in Figure 2. The
optional fade schedules are more severe and provide higher temperatures. Unless otherwise specified by the test requestor,
conduct the standard fade schedule and keep it the same for a given project.
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Table 1 - Initial brake temperatures during fade modules

Brake type Disc Drum
Axle position Front Rear Rear
Schedule Standard Optional Standard Optional Standard Optional
First initial temperature /°C 100 100 100 100 100 100
Last initial temperature / °C 450 550 300 400 200 300
Stop number Initial brake temperature / °C
1 100 100 100 100 100 100
2 190 215 151 177 126 151
3 242 283 181 222 141 81
4 279 330 202 254 151 202
5 308 367 219 278 159 219
6 332 398 232 298 166 232
7 351 423 244 316 172 244
8 369 446 254 330 177 254
9 384 465 262 343 181 262
10 398 483 270 355 185 270
11 410 498 277 366 189 277
12 421 513 284 375 192 284
13 432 526 289 384 195 289
14 441 539 295 392 197 295
15 450 550 300 400 200 300
600 -
550 -
500 -
& 450 ~
~
3400 .
§350 :
gsoo :
< 250,
;:200 8
‘€ 150 -
100 +
50
0 T T T T T T T T T T T T T T |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
fade stop
Key:

1 - Disc FA optional

2 - Disc FA standard
3 - Disc RA optional
4 - Disc RA standard

Figure 2A - Initial brake fade temperatures for disc brakes
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5. TEST EQUIPMENT

5.1

5.2

5.2.1

522

5.2.3

524

5.2.5

5.2.6

5.2.7

5.3

5.3.1

5.3.2

5.3.3

5.3.4

Single-ended

applications. (

test system.

Automatic data collection system capable of digitally recording the following channels at 200 HZ

Brake equiv
Brake input

Brake outpu

hlent linear speed. [km/h]
pressure. [kPa]

torque. [N-m]

Brake drag torque. [Ntm]

Brake fluid displacement. [mm?3]

5 6 7 8 9 10 11 12 13 14 15
fade stop
Key:
1 - Drum RA optional
2 - Drum RA standard

Figure 2B - Initial brake fade temperatures.for drum brakes

Figure 2 - Initial brake fade temperatures forall the test schedules

Parking brake cable tension (rear brakes testing only). [N]

Parking brake cable travel (rear brakes testing only). [mm]

brake inertia-dynamometer capable of\ performing deceleration and pressiire-controlled brake
Loordinate with the test requestor the option to conduct the brake drag matrix @

n a special-purpose

minimum:

Automatic data collection system capable of digitally recording the following channels at 30 Hz minimum:

Brake rotor temperature. [°C]

Brake pad or brake shoe temperature. [°C]

Hub bearing temperature measured at the hub bearing. [°C]

Cooling air temperature, relative humidity, and speed.


https://saenorm.com/api/?name=9db8042afe7d596c820252c4f14a86ba

SAE INTERNATIONAL J2923™ DEC2024 Page 12 of 26

5.4 Brake Drag Measurement

Use a torque measuring device with an accuracy of £0.1 N-m from zero to 10 N-m in both directions. Report the uncertainty
of measurement and the accuracy class. Reference the different standards from 2.2 for the proper calibration process,
torque steps (especially when calibrating below 20% of the full-scale for the torque measuring device), calibration report,
and the associated uncertainty of measurement budget, unless the specific method used for the test is agreed upon between
the test requestor and the test facility. Indicate the torque measuring method in the final test report. Verify the hysteresis of
the drag torque measuring system (including the influence of overhanging masses from the brake fixture) in the forward and
reverse directions. When the test system (instrumentation, control, and data collection) allows, measure brake drag
4 seconds before and 4 seconds after completing the dynamic brake applications. This will allow the evaluation of brake
drag at multiple speed and temperature combinations during the test.

5.5 Test fixture can use the hub and bearing assembly or a hubless fixture. Unless otherwise specified by the test
requestor, engure rotor-to-caliper mounting suriace paralelism and rotor-to-fixture concentricity is within 0.050 mm.
Document thelfixture setup with pictures as part of the test report.

5.5.1  When using|a hubless fixture with the rotor mounted on the dynamometer shaft with(hovphysital connection to the
tailstock, engure stiffness and alignment are equivalent to the knuckle or axle assembly. Estimate the stiffness of
the fixture by measuring a knuckle assembly of similar material, size, and geometry/See Figure 3.

-B-| |O|poos|A

//|0.05|B —~A -

Figure 3 - Alignment specification for hubless test fixture

5.6 Control brake cooling air temperature to 25 °C + 5 °C and humidity to 9.92 g/kg (11.57 g/m3) at sea level. Use a
psychrometric chart to find acceptable relative humidity conditions to meet absolute humidity requirements. If no
environmental conditioning is available, record and report cooling air temperature and humidity during the test.

5.7 Park Brake Testing Capabilities (for Rear Brakes)

5.7.1 Ability to apply torque from zero shaft rotational speed sufficient to cause breakaway.

5.7.2 Mechanism to apply and control input park brake force or to energize the electric parking brake system
as applicable.

5.7.3 Mechanism to lock the parking brake cable in position during parking brake output evaluation.
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6. TEST CONDITIONS AND SAMPLE PREPARATION

6.1 Use new rotor

and brake pads for each test.

6.2 Use brake pads as provided or instructed by the test requestor. Alternatively, and to characterize the brake drag

contribution of

other brake components, use friction materials with a coefficient of friction known from prior tests.

6.3 For brake rotors, install thermocouple at a depth of 1.0 mm on the outboard face near the centerline of the
braking surface.

6.4 For brake pads, install one thermocouple at a depth of 2.0 mm near the center of the friction surface. For disc brake
pads with grooves, install the thermocouple at least 4.0 mm from the groove edge on the leading side of the pad.

6.5 For disc brakdgs, unless otherwise specified, the assembled lateral run-out shall not exceed 50|um when measured
on the outboard surface and 10 mm from the outside diameter. If other lateral run-out is spetified for the project,

document it and include it on the final test report.

6.6 Calculate dynamometer rotational speed based on the tire dynamic rolling radius per SAE J278).

6.7 Set cooling air
6.8 Measure the li
6.9 Measure rotor,
6.9.1 10 mm from
6.9.2 Centerline (g
6.9.3 10 mm from
(Optional) Leave the

If available, use any
agreeable method.

7. DYNAMOMETE
Unless provided by t
8. TEST SEQUEN

Tables 2A and 2B d

temperature and humidity per 5.6.

hing and rotor thickness before and after test completion penSAE J2986.
LRO and DTV before and after the test at three radiallocations:

the rotor outside diameter.

ffset from the radial position from the thermocouple location).

the braking surface inside diameter.

probe rack installed for the entire\test to measure the LRO and DTV evolution thfoughout the test.

SAE standard on how to"measure LRO and DTV; otherwise, agree with the {est requestor on an

R TEST INERTIA
he test requestor, determine test inertia per appropriate item from SAE J2789 at GVWR.
CES FOR'DIFFERENT BRAKES AND SCHEDULES

epict all the different options and schedules for disc and drum brakes. It is incumbent upon the test

requestor to define t

he-schedules applicable to the project
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Table 2A - Flowchart for the different methods and schedules

BEV/Hybrid &

Testing Schedules Description
Revised test procedure from 2016 version used to evaluate drag behavior at
A1 )
different temperatures and speed. The pressure/speed sequence have been
Default e o
modified and removed the reverse direction.
B (Optional) . .
Hot Drag Drag evaluation after exposure of severe high temperatures.
C (Optional) . . .
Parking Brake Evaluation of the parking brake influence on drag.
Table 2B - Flowchart for the different methods and schedules
Testing Schedules Description
Schedule A.1 modified to run some sections with a driving cycle (WLTP) that is
A2 decel control, utilizing the dynamometer regen capabilities to|simulate hydrid,

battery electric vehicle (BEV), and electromechanical’brake (EM

nd EMB Allowing them to be-tested.

B) configurations.

B (Optio

hal)

Hot Drag Drag evaluation after exposure of severe high tempefatures.
C (Optiopal) . y .
Parking Brake Evaluation of the parking brake influence on drdg.

9. TEST PROCED
9.1

In order to properly d
loading on the brake]

Piston Retractjon

URES

etermine brake drag measurements, quantify system losses at the start of the test,
components, perform the following steps:

brake to the hydraulic brakejapplication system.

brake bleed per thetbrake manufacturer specification or per the test requestor
dure may have specific steps in addition to the steps required for service b
t (or apparent piston travel) versus brake pressure curves are available, verify the
eding to the-main test sequence.

ake valves’connecting the brake to the brake pressure source are in the open po

'wis€ specified by the test requestor, and without disturbing the caliper guide pin

and avoid excessive

Integral park brake
rakes. In case fluid
dynamometer bleed
Sition.

5 or other hardware,

arce-between-the-pads-and-therotor-by-
d press (preferably made out of plastic) to retract the piston and pads.

caliper assembly onto the fixture.

free-running condition.

9.1.1 Connect the
9.1.2 Perform the
bleed proce]
displacemer
before proce
9.1.3 Ensureallb
9.1.4 Unless othe
provide clea
9.14.1 Useahan
9.1.4.2 Mount the
9.14.3
and the rotor.
9144
9.2

Measure brake drag

Brake Drag Test Matrix at Ambient Temperature

after a series of static brake applications and brake dynamic events per Table 3.

Measure the running clearance using shim(s) to achieve a 0.5- to 1.0-mm running clearance between each pad

Remove the shim(s) and then rotate the brake rotor slowly by hand for at least three revolutions to ensure a
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During each of the 130-second brake drag measurements, record the entire brake drag event only during the

forward driving conditions. Reverse operations (indicated by a negative sign on the braking speed on the test matrix)
are only used to provide caliper and brake corner conditioning.

between dynamic brake drag measurements.

Do not apply brake pressure to control dynamometer speed or to decelerate the shaft to change brake rotation

When using a fixture with a hub bearing (see 5.5), conduct a 30-minute rotation at 80 km/h to stabilize the bulk

temperature on the bearing. Repeat this bearing warm-up when the test is interrupted and the hub bearing reaches

below 5° of the average defined temperature, rerun the warm-up of the bearing.

(Optional) Record the bearing temperature to ensure it is constant during the entire tests. If the temperature drops

9.2.1
9.2.2
9.2.3
ambient temperature.
9.24
9.2.5 (Optional) T
pressure se
pressures as
in the test report.
9.2.6 Alternatively,
prior to commence testing.

9.3 Brake Cooling|Speed

Rotate the rotor at 1

next step.

Table 3 - Brake drag matrix.atambient temperature

conduct the dynamic braking in the reverse direction at 2000 &Pa. Conduct wi

D better understand caliper piston behavior, manually fully retract the pistonsibefgre each brake static
ction. This will enable a reset of the piston and provide better comparison\of drag effect at different
5 the matrix is performed. The use of piston retractions throughout the test'shall bg documented clearly

h the test requestor

0 km/h between dynamic brake drag measurements to achieve the initial brakg temperature for the

Brake Applicatiord
Braking Release Control (IBT, Dynamic Deceleration
Bection Speed Cycle Time, or Pressure Level Static Prespure
Step Number Déscription [km/h] Distahce) [kPa] [a] [kPa] # of Stops/Snubs
500
1.1 E{j‘; ZtDzrgi ni?r? 0-0 IBTy% 35 °C . - 10 seconds at 1
pressurg
IBT <35°C Brake dr@g
1.2 20 130 seconds at - - measurenjent 1
speed only
1.3 Repeat steps 1.1 and 1.2 two more times.
Briake Drag 500
14 500 kPa at 0-0 IBT <35°C . - 10 secondp at 1
0 km/h pressurg
IBT <35°C Brake dr@g
1.5 30 130 seconds at - - measurenjent 1
speed only
1.6 Repeat steps 1.4 and 1.5 two more times.
Briake Drag 500
1.7 500 kPa‘at 0-0 IBT <35°C B - 10 secondp at 1
0'Km/h pressurE
BT < 35°C Brake drag
1.8 60 130 seconds at - - measurement 1
speed only
1.9 Repeat steps 1.7 and 1.8 two more times.
Brake Drag 500
1.10 500 kPa at 0-0 IBT <35°C . - 10 seconds at 1
120 km/h pressure
IBT <35°C Brake drag
1.1 120 130 seconds at - - measurement 1
speed only
1.12 Repeat steps 1.10 and 1.11 two more times.
Brake Drag 1000
2.1 1000 kPa at 0-0 IBT <35°C . - 10 seconds at 1
20 km/h pressure
IBT <35°C Brake drag
22 20 130 seconds at - - measurement 1
speed only
2.3 Repeat steps 2.1 and 2.2 two more times.
Brake Drag 1000
24 1000 kPa at 0-0 IBT <35°C . - 10 seconds at 1
30 km/h pressure
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IBT <35°C Brake drag
2.5 30 130 seconds at - - measurement 1
speed only
2.6 Repeat steps 2.4 and 2.5 two more times.
Brake Drag 1000
2.7 1000 kPa at 0-0 IBT <35°C . - 10 seconds at 1
60 km/h pressure
IBT <35°C Brake drag
2.8 60 130 seconds at - - measurement 1
speed only
2.9 Repeat steps 2.7 and 2.8 two more times.
Brake Drag 1000
2.10 1000 kPa at 0-0 IBT <35°C . - 10 seconds at 1
120 km/h pressure
IBT <35°C Brake drag
211 120 130 seconds at - - measurement 1
speed only
212 Repeat steps 2.10 and 2.11 two more times.
Breke-Breg 2066
3.1 20P0 kPa at 0-0 IBT <35°C B - 10 secondls at 1
0 km/h pressufrg
IBT <35°C Brake drg
3.2 20 130 seconds at - - measuremnient 1
speed only
3.3 Repeat steps 3.1 and 3.2 two more times.
Briake Drag 2000
34 20P0 kPa at 0-0 IBT <35°C . - 10 secondp at 1
0 km/h pressurg
IBT <35°C Brake drgg
3.5 30 130 seconds at - - measurenjent 1
speed only
3.6 Repeat steps 3.4 and 3.5 two more times.
Briake Drag 2000
3.7 2(%0 kPa at 0-0 IBT <35°C . - 10 secondp at 1
0 km/h pressurg
IBT <35°C Brake drgg
3.8 60 130 seconds at - - measurenjent 1
speed only
3.9 Repeat steps 8.7and 3.8 two more times.
Briake Drag 2000
3.10 20P0 kPa at 0-0 IBT <35°C . - 10 secondp at 1
120 km/h pressurg
IBT < 35°C. Brake drgg
3.1 120 130 secopds at - - measurenjent 1
speed only
3.12 Repeat steps 3.10 and 3.11 two more times.
Briake Drag 3000
4.1 30P0 kPa at 0-0 BT <35°C . - 10 secondp at 1
0 km/h pressurg
IBT <35°C Brake dr@g
4.2 20 130 seconds at - - measurenjent 1
speed only
4.3 Repeat steps 4.1 and 4.2 two more times.
Briake Drag 3000
4.4 30P0 kPa at 0-0 IBT <35°C . - 10 secondp at 1
0 km/h pressurg
IBT <35°C Brake dr@g
4.5 30 130 seconds at - - measurenjent 1
speed only
4.6 Repeat steps 4.4 and 4.5 two more times.
Brigk€ Drag 3000
4.7 30P0 kPa at 0-0 IBT <35°C ) - 10 secondk at 1
60 km/h pressure
IBT <35°C Brake drag
4.8 60 130 seconds at - - measurement 1
speed only
4.9 Repeat steps 4.7 and 4.8 two more times.
Brake Drag 3000
4.10 3000 kPa at 0-0 IBT <35°C B - 10 seconds at 1
120 km/h pressure
IBT <35°C Brake drag
4.1 120 130 seconds at - - measurement 1
speed only
4.12 Repeat steps 4.10 and 4.11 two more times.
Brake Drag 6000
5.1 6000 kPa at 0-0 IBT <35°C . - 10 seconds at 1
20 km/h pressure
IBT <35°C Brake drag
5.2 20 130 seconds at - - measurement 1
speed only
5.3 Repeat steps 5.1 and 5.2 two more times.
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Brake Drag 6000
5.4 6000 kPa at 0-0 IBT <35°C . - 10 seconds at
30 km/h pressure
IBT <35°C Brake drag
5.5 30 130 seconds at - - measurement
speed only
5.6 Repeat steps 5.4 and 5.5 two more times.
Brake Drag 6000
5.7 6000 kPa at 0-0 IBT <35°C 10 seconds at
60 km/h pressure
IBT <35°C Brake drag
5.8 60 130 seconds at - measurement
speed only
59 Repeat steps 5.7 and 5.8 two more times.
Brake Drag 6000
5.10 6000 kPa at 0-0 IBT <35°C . - 10 seconds at
120 km/h pressure
IBT <35°C Brake drag
51 1 120 120 o (3 24 " -‘n
speed only
5.12 Repeat steps 5.10 and 5.11 two more times.
Brigke Drag 8000
6.1 80P0 kPa at 0-0 IBT <35°C . - 10,secondp at
0 km/h pressurg
IBT <35°C Brake dr@g
6.2 20 130 seconds at - - measurenjent
speed only
6.3 Repeat steps 6.1 and 6.2 two more times.
Briake Drag 8000
6.4 80P0 kPa at 0-0 IBT <35°C . - 10 secondp at
0 km/h pressurg
IBT <35°C Brake dr@g
6.5 30 130 seconds at - measurenjent
speed only
6.6 Repeat steps 6.4 and 6:5 two more times.
Briake Drag 8000
6.7 80P0 kPa at 0-0 IBT <35°C { - 10 secondp at
0 km/h pressurg
IBT <35°C Brake drgg
6.8 60 130 seconds at - - measurenjent 1
speed only
6.9 Repeatisteps 6.7 and 6.8 two more times.
Briake Drag 8000
6.10 80P0 kPa at 0-0 IBT < 35¢C . 10 secondp at 1
120 km/h pressurg
IBF<.35°C Brake drgg
6.11 120 130.seconds at - - measuremnient 1
speed only
6.12 Repeat steps 6.10 and 6.11 two more times.
Briake Drag 12000
71 12900 kPa at 0-0 IBT <35°C . - 10 secondp at 1
0 km/h pressurg
IBT <35°C Brake drgg
7.2 20 130 seconds at - - measurenjent 1
speed only
7.3 Repeat steps 7.1 and 7.2 two more times.
Briake Drag 12000
7.4 12000 kPa at, 0-0 IBT <35°C . - 10 secondp at 1
0 km/h pressurg
IBT <35°C Brake drgg
7.5 30 130 seconds at - - measurenjent 1
speed only
7.6 Repeat steps 7.4 and 7.5 two more times.
Brake Drag 12000
7.7 12000 kPa at 0-0 IBT <35°C . - 10 seconds at 1
60 km/h pressure
IBT <35°C Brake drag
7.8 60 130 seconds at - measurement 1
speed only
7.9 Repeat steps 7.7 and 7.8 two more times.
Brake Drag 12000
7.10 12000 kPa at 0-0 IBT <35°C . - 10 seconds at 1
120 km/h pressure
IBT <35°C Brake drag
711 120 130 seconds at - measurement 1
speed only
712 Repeat steps 7.10 and 7.11 two more times.
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9.4 Test Procedure for Front Disc Brake

Table 4 illustrates the test schedule to assess brake drag on front axles. Unless otherwise specified by the test requestor,
the default test does not require the execution of schedules B, C, or D.

9.4.1 (Optional) measure brake drag for 5 seconds immediately before applying hydraulic pressure and 5 seconds

immediately after releasing brake pressure during dynamic brake applications.

NOTE: Consult with the test requestor and the test facility prior to testing to confirm the actual brake drag measurement

time and to confirm the availability of such feature on the inertia-dynamometer.

Table 4 - Front and rear disc brake test procedure

Brake
Braking Application
Release Control (IBT, Dynamic Deceleration
Speed Cycle Time, Pressure Level Statid Pressure # of
Step Number Section Description [km/h] or Distance) [kPa] [a] kPa] Stops/Snubs
SCHEDULE DISC A.1 - DEFAULT
(optional) fingerprint caliper for sfiding force, rollback, knockback.
1 Initial setup and inspection
Set and measurexrotor for: LRO and DTV
2 Piston retraction Perform/piston retraction per 9.1
30 minutes
3 Initial corner drag baseline 80-80 IBT = ambient 1
Assess torque signal stability and ngise
4 Green p characteristic 80-30 IBT =100 °C 3000 - - 30
5-7 Brake drag (1-3) Conduct brake drag test matrix at ambient temperature per Table 1
8 Brake burnish 80-0.5 IBT= 100 °C - 0.31 - 200
9-11 Brake drag (4-6) Conduct brake drag test matrix at ambient temperature per Table 1
12 Characteristic value (1) 80-30 IBT =100 °C 3000 - - 6
Speed/ itivit 1000, 2000,
peed/pressure sensiuvity _ o 3000, 4000,
13 40 kmih 40-0.5 IBT =100 °C 5000, 6000, - - 8
7000, 8000
Speed/ it 1000, 2000,
peea/pressure sensitvity _ o 3000, 4000,
14 o 80-40 IBT =100 °C 5000, 6000, - - 8
7000, 8000
Soeed/ itivit 1000, 2000,
peed/pressure sensitivity B N 3000, 4000,
15 120 km/h 120-80 IBT =100 °C 5000, 6000, - - 8
7nnn’ 8()(\(\
(Optional) Speed/pressure 1000, 2000,
16 sensitivity 160-130 IBT = 100 °C 3000, 4000, ; } 8
5000, 6000,
160 km/h 7000, 8000
(Optional) Speed/pressure :13888 ‘21888
sensitivity - = o , ’ - -
17 200-170 IBT =100 °C 5000, 6000, 8
200 km/h 7000, 8000
18 Characteristic value (2) 80-30 IBT =100 °C 3000 - - 6
19 Cold application 40-0.5 IBT <40°C 3000 - - 1
100-0.5 IBT =50 °C - 0.6 - 1
20 Highway applications )
0.90-vmax - IBT = 50 °C - 0.6 - 1
0.5-Vmax
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21 Characteristic value (3) 80-30 IBT =100 °C 3000 - - 6
IBT = <100,
<215, < 283,
<330, <367,
<398, <423,
22 Fade (1) 100-0.5 <446, <465, < 16000 0.4 - 15
<483, <498,
<513, <526,
<539, <550.
23-25 Brake drag (7-9) Conduct brake drag test matrix at ambient temperature per Table 1
26 Recovery (1) 80-30 IBT =100 °C 3000 - - 18
1000, 2000,
27 Temper'e.ltL'Jre/pressure 80-30 IBT = 100 °C 3000, 4000, R ~ 8
ecll’Sﬂ'Ivuy U O JUUVU, OUUU,
7000, 8000
IBT = <100,
Temperature/pressure <150, < 200,
28 ity 500 40 80-30 <250, <300, 3000 - - 9
Y <350, <400,
<450, <500.
1000, 2000,
' o o 3000, 4000, ) }
29 Pressure line 500 °C 80-30 IBT =50 °C 5000, 6000, 8
7000, 8000
30 Recovery (2) 80-30 IBT =100 °C 3000 - - 18
IBT = <100,
<215, < 283,
<330, <367,
<398, <423,
31 Fade (2) 100-0.5 <446, 455 <16 000 0.4 - 15
<483,'<498,
<513;'<526,
£539, <550.
32-34 Brake drag (10-12) Conduct brake drag test matrix at ambient temperature per Table 1
35 Recovery (3) 80-30 IBT =100 °C 3000 - - 18
36 Final inspection for main Measure parts for: LRO, DTV, taper, cup, and tangential yvear
test sequence (optional) fingerprint caliper for sliding force, rollback, knockback
30 minutes
370 Final corner drag baseline 80-80 IBT = ambient 1
Assess torque signal stability and ngise
End of test Schedule disc A
(OPTIONAL) SCHEDULE DISC B - HOT DRAG
IBT = first at As need to
Haot drag heating cycle to _ ambient_then reach 500 °C
38 500 °C oo until reaching U35 without
500 °C excedding 50
Hot drag temperature _ o
39 stabilization at 500 °C 65-1 IBT =500°C 0.35 30
14000
40 Hot drag static application 0-0 IBT =450 °C 10 seconds at 1
pressure
Start within 10
. 10 seconds after
Hot drag static
41 measurement 130 seconds release of 1
measurement static
application
42-77 Hot drag (400 to 60) °C Repeat steps 40-41 at 20 °C intervals of brake pad temperature until reaching 60 °C
Retract pist
78 Brake drag (13) elract pistons

Conduct one brake drag test matrix at ambient temperature per Table 1
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. . Measure parts for: LRO, DTV, taper, cup, and tangential wear
79 Post hot-drag inspection . . ] ) L
(optional) fingerprint caliper for sliding force, rollback, knockback
30 minutes
80™M Final drag baseli - = i
inal corner drag baseline 80-80 IBT = ambient Assess torque signal stability and noise 1
End of test Schedule disc B
(OPTIONAL) SCHEDULE DISC C - Parking Brake
Integral park brake - light 0 kPa service
apply brake.
80.1 0-0 IBT = ambient - - Apply parking 1
brake 1/3
maximum load
for 10 seconds.
IBT = ambient
120 =
80.2 50-50 at braking Zgro (0) 1
speed
0 kP service
brake.
80.3 0-0 IBT = ambient - - Apply parking 1
brgke 1/3
maxifnum load
for 10| seconds.
IBT = ambient
130 seconds
80.4 120-120 at braking Zgro (0) 1
speed
Integral park brake - 0 kP service
moderate apply brake.
81.1 0-0 IBT = ambjent - - Apply parking 1
brake 2/3
maxifnum load
for 10| seconds.
IBT = ambient
130 seconds
81.2 50-50 at braking Zgro (0) 1
speed
0 kP service
brake.
81.3 0-0 IBT = ambient - - Apply parking 1
brgke 2/3
maxifnum load
for 10| seconds.
IBT = ambient
130 seconds
81.4 120-120 at braking Zgro (0) 1
speed
Integral park brake - heavy 0 kP service
PPhY ake.
82.1 0-0 IBT = ambient - - Apply parking 1
brake maximum
load for
10 seconds.
IBT = ambient
130 seconds
82.2 50-50 at braking Zero (0) 1
speed
0 kPa service
brake.
82.3 0-0 IBT = ambient - - Apply parking 1
brake maximum
load for
10 seconds.
82.4 120-120 IBT = ambient Zero (0) 1
130 seconds
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